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Aquifer Tests and Simulation of Ground-Water Flow
in Triassic Sedimentary Rocks near Colmar,
Bucks and Montgomery Counties, Pennsylvania

by Dennis W. Risser and Philip H. Bird

ABSTRACT

This report presents the results of a study by
the U.S. Geological Survey in cooperation with the
U.S. Environmental Protection Agency to evaluate
ground-water flow in Triassic sedimentary rocks
near Colmar, in Bucks and Montgomery Counties,
Pa. The study was conducted to help the U.S. Envi-
ronmental Protection Agency evaluate remediation
alternatives at the North Penn Area 5 Superfund
Site near Colmar, where ground water has been
contaminated by volatile organic solvents (prima-
rily trichloroethene). The investigation focused on
determining the (1) drawdown caused by sepa-
rately pumping North Penn Water Authority wells
NP-21 and NP-87, (2) probable paths of ground-
water movement under present-day (2000) condi-
tions (with NP-21 discontinued), and (3) areas con-
tributing recharge to wells if pumping from wells
NP-21 or NP-87 were restarted and new recovery
wells were installed. Drawdown was calculated
from water levels measured in observation wells
during aquifer tests of NP-21 and NP-87. The
direction of ground-water flow was estimated by
use of a three-dimensional ground-water-flow
model.

Aquifer tests were conducted by pumping
NP-21 for about 7 days at 257 gallons per minute
in June 2000 and NP-87 for 3 days at 402 gallons
per minute in May 2002. Drawdown was mea-
sured in 45 observation wells during the NP-21
test and 35 observation wells during the NP-87
test. Drawdown in observation wells ranged from
0 to 6.8 feet at the end of the NP-21 test and 0.5 to
12 feet at the end of the NP-87 test. The aquifer
tests showed that ground-water levels declined
mostly in observation wells that were completed in
the geologic units penetrated by the pumped
wells. Because the geologic units dip about
27 degrees to the northwest, shallow wells up dip
to the southeast of the pumped well showed a
good hydraulic connection to the geologic units
stressed by pumping. Most observation wells

down dip from the pumping well penetrated units
higher in the stratigraphic section that were not
well connected to the units stressed by pumping.
The best hydraulic connection to the pumped wells
was indicated by large drawdown in observation
wells that penetrate the water-bearing unit
encountered below 400 feet below land surface in
wells NP-21 and NP-87. The hydraulic connection
between wells NP-21 (or NP-87) and observation
wells in the southern area of ground-water con-
tamination near the BAE Systems facility is good
because the observation wells probably penetrate
this water-bearing unit.

A 3-dimensional, finite-difference, ground-
water-flow model was used to simulate flow paths
and areas contributing recharge to wells for cur-
rent (2000) conditions of pumping in the Colmar
area and for hypothetical situations of pumping
suggested by the U.S. Environmental Protection
Agency that might be used for remediation. Simu-
lations indicate that under current conditions,
ground water in the northern area of contamina-
tion near the former Stabilus facility moves to the
northwest and discharges mostly to West Branch
Neshaminy Creek; in the southern area of contami-
nation near BAE Systems facility, ground water
probably moves west and discharges to a tributary
of West Branch Neshaminy Creek near well NP-21.
Model simulations indicate that if NP-21 or NP-87
are pumped at 400 gallons per minute, ground-
water recharge is likely captured from the southern
area of contamination, but ground-water recharge
from the northern area of contamination is less
likely to be captured by the pumping. Simulations
also indicate that pumping of a new recovery well
near BAE Systems facility at 8 gallons per minute
and two new recovery wells near the former Stabi-
lus facility at a total of about 30 gallons per minute
probably would capture most of the ground-water
recharge in the areas where contamination is
greatest.




INTRODUCTION

The U.S. Environmental Protection Agency
(USEPA) is in the process of characterizing ground-
water contamination and evaluating remediation
alternatives for the North Penn Area 5 Superfund
Site, Montgomery and Bucks Counties, in south-
eastern Pennsylvania. The U.S. Geological Survey
(USGS) is assisting USEPA by providing geophysi-
cal and hydrologic investigations to evaluate the
fractured-rock aquifer. The North Penn Area 5
includes numerous industries and commercial
operations near Colmar, Pa., where ground water
has been contaminated by volatile organic com-
pounds (VOCs). The area of study near Colmar
described in this report is shown in figure 1.

North Penn Area 5 is one of seven Super-
fund sites in the Lansdale area where VOCs have
contaminated ground-water resources used for
public supply. In August 1979, ground-water con-
tamination became evident near Colmar when the
North Penn Water Authority (NPWA) found
trichloroethene (TCE), 1,1,1-trichloroethane (TCA),
and tetrachloroethene (PCE) in water samples col-
lected from municipal-supply well NP-21 (Earth
Technology Corporation, 1993). Through subse-
quent sampling by industry, utilities, and regula-
tory agencies, an area of ground-water
contamination was identified, and in 1989, the
USEPA added North Penn Area 5 to the National
Priorities List (NPL).

Since 1998, ground-water sampling for the
Remedial Investigation/Feasibility Study (RI/FS)
by USEPA and its contractors has verified two gen-
eral locations of ground-water contamination near
well NP-21—one near the BAE Systems facility
and one near the former Stabilus facility. These
areas, respectively, are referred to as the southern
and northern areas of contamination in this report
and are indicated by the well symbols shown in
red on figure 2. Specifically, red symbols indicate
wells where TCE in ground water exceeded
300 pug/L in at least one sample between 1998 and
2002. The concentration of 300 ug/L was chosen to
illustrate the two areas of greatest contamination in
the study area and does not denote the extent of
known ground-water contamination nor represent
a specific health-criteria level.

The major contaminant in ground water at
both areas is TCE. In the southern area of contami-
nation near BAE Systems, TCE was detected in
ground water from well A-12 at a concentration of
1,200 pg/L in 1998, and in the same general area,

ground-water samples from RI-20S contained

320 pg/L of TCE (Tetra Tech/Black & Veatch,
2002). To remediate the southern area of contami-
nation, a pump-and-treat system has been in oper-
ation since 1986, using well A-10 (fig. 2) as the
recovery well. In the northern area of contamina-
tion near the former Stabilus facility, ground-water
samples from well RI-27S contained 3,800 pg/L of
TCE in 2002 (Tetra Tech/Black & Veatch, 2002).
Concentrations of TCE in excess of 300 ng/L were
measured in water samples from seven other
shallow wells in the same general area and at
RI-17 since 1998 (fig. 2).

Purpose and Scope

This report presents the results of a study by
the USGS to evaluate ground-water flow in the
vicinity of well NP-21 near Colmar, Pa. (fig. 2).
Specific objectives were to (1) determine the draw-
down caused by pumping NPWA wells NP-21 or
NP-87, (2) evaluate probable paths of ground-
water flow under present-day conditions (2000)
(with NP-21 pumping discontinued), and
(3) determine the areas contributing recharge if
pumping from NP-21 or NP-87 was restarted and
new recovery wells were installed. Drawdown was
calculated from water levels measured in observa-
tion wells during aquifer tests at wells NP-21 and
NP-87. Because the dipping geologic units yield-
ing water to the pumping wells impart heterogene-
ity and anisotropy with respect to hydraulic
conductivity, ground-water-flow paths may be dif-
ficult to infer directly from the water-table configu-
ration. Ground-water-flow paths and areas
contributing recharge were therefore estimated by
use of a ground-water-flow model.

The scope of the report is limited to an analy-
sis of ground-water flow near Colmar under cur-
rent conditions and those imposed by hypothetical
pumping of supply well NP-21 or NP-87 and pro-
posed recovery wells; the effects of historical
ground-water withdrawals on ground-water flow
were not evaluated. Although ground-water flow
in the Colmar area was the focus of the study, to
ensure that arbitrary boundaries in the ground-
water-flow model were sufficiently distant from
the Colmar area, the domain of the ground-water-
flow model encompassed the larger area shown in
figure 1.








































Discharge

Ground water in the Colmar area discharges
to Neshaminy Creek and its tributaries or to wells.
Ground-water discharge to streams provides their
base flow; however, some stream reaches in the
study area have periods when they gain water and
other periods when they lose water.

Currently, the only known pumping wells
are ground-water remediation well A-10 at BAE
Systems, the BAE Systems supply well, and North
Wales Water Authority (NWWA) well NWWA-22.
In 2000, withdrawals from A-10 averaged about
15 gal/min, withdrawals from the BAE Systems
supply well averaged about 13 gal/min (Patrick
Till, BAE Systems Inc. written commun., 2001), and
withdrawals from NWWA-22 averaged about
20 gal/min (North Wales Water Authority, written
commun., 2001). Previously, large ground-water
withdrawals were made by the NWWA and the
NPWA from former public-supply wells NP-12C,
NP-21, and NWWA-16 in the Colmar area. Wells
NP-12C, NP-21, and NWWA-16 were taken out of
service in March 1999, December 1995, and Sep-
tember 1994, respectively. Well NP-21 has not been
in operation since December 1995.

AQUIFER TESTS

Aquifer tests were conducted in June 2000 at
well NP-21 and May 2002 at well NP-87 to iden-
tify hydraulic connections and to quantify the
drawdown caused by pumping. The tests also sup-
ported efforts to simulate areas contributing
recharge to wells NP-21 and NP-87, which, in
turn, will support management decisions regard-
ing ground-water remediation. The tests were per-
formed primarily to determine if the area
influenced by pumping reached the northern and
southern areas of ground-water contamination
shown in figure 2. Drawdown observed in areas of
contamination indicates a hydraulic connection to
the pumped well and that pumping could alter the
direction of ground-water flow in the vicinity of
the contamination. However, measurement of
drawdown at an observation well does not neces-
sarily indicate the movement of ground water
from that observation well to the pumped well.
Ground-water flow direction is controlled by the
hydraulic gradient (not drawdown), aquifer
heterogeneities, and boundary conditions of the
hydrologic system.

Design of Tests

The aquifer test in June 2000 was designed
with the intention of pumping NP-21 at
400 gal/min for 3 days. However, soon after the
pumping began, it was apparent that a rate of
400 gal/min could not be obtained with the exist-
ing pump without lowering the water level below
the pump intake. Thus, the test of NP-21 was con-
ducted at an average rate of 257 gal/min, and as a
result of a large rainstorm and a lack of stabiliza-
tion of water levels, the duration of pumping was
extended to 7 days. Subsequent to completion of
the aquifer test of NP-21 in June 2000, interest in
determining the drawdown caused by pumping at
a greater rate (about 400 gal/min) continued.
Because obstructions in NP-21 made it impossible
to set a large capacity pump deeper, a second aqui-
fer test was conducted by pumping nearby well
NP-87 at 402 gal/min for 3 days. The two wells
(NP-21 and NP-87) are only about 40 ft apart and
are similar in depth and construction; thus, it was
assumed that pumping either well would result in
drawdown of a similar magnitude and extent.

Wells NP-21 and NP-87

Wells NP-21 and NP-87 are near an
unnamed tributary to the West Branch Neshaminy
Creek (fig. 2). Well NP-21 is an inactive public-
supply well owned and operated by NPWA. The
well is 500 ft deep and is cased to 50 ft below land
surface. The interval from 50 to 500 ft below land
surface is completed as an open hole (fig. 11). The
diameter of the well is 12 in. from land surface to a
depth of 250 ft below land surface and 6 in. from
250 ft below land surface to the bottom. Well
NP-87 is 476 ft deep, is cased to 103 ft below land
surface, and is completed as a 12-in. open hole.

A broken casing joint in NP-87 at 82 ft below land
surface allows water to enter (or exit) the well at
that location.

On the basis of geologic maps and an aver-
age dip of 27° NW., wells NP-21 and NP-87 pene-
trate the Brunswick Formation in the upper 70 to
90 ft and the Lockatong Formation in the remain-
der of the well. The driller’s log of the well indi-
cates gray and brown rock throughout, with no
clear differentiation between the Brunswick and
Lockatong Formations. Geophysical logs show a
good correlation of rock units between NP-21 and
NP-87 (Bird and Conger, 2002).
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Figure 11. Well construction and (A) driller-reported yield of supply well NP-21 and (B) specific capacity of isolated
intervals in NP-87. Shaded areas represent major water-yielding zones.

The driller’s log of well NP-21 indicated a
yield of 300 gal/min; three principal water-yield-
ing zones were at 90-140, 300-350, and 400-450 ft
below land surface (fig. 11A). On the basis of the
driller’s log, about 40 percent of the pumped water
enters above 140 ft below land surface, and 60 per-
cent enters from 300 to 450 ft below land surface.

Well inspection conducted by a down-hole
video camera during the aquifer tests allowed for
improved understanding of the hydraulic connec-
tions of the major water-producing zones between
NP-21 and NP-87. Video logs in well NP-87
recorded during the June 2000 aquifer test of
NP-21 showed a large quantity of water cascading
from a break in the casing at 82 ft below land sur-
face. By trolling the video camera downward at a
velocity equal to the downward velocity of the
smallest visible particulates in the well (assumed
to be moving at the velocity of water), a vertical
downward flow rate of about 100 gal/min was
estimated. The downward movement ended at
425 ft below land surface, indicating water
appeared to be leaving the well through the high-

angle fractures at 417-435 ft below land surface.
NP-87 represents a “short-circuit” that facilitates
vertical flow in the natural flow system from 82 to
417-435 ft below land surface when well NP-21 is
pumped and potentially improves the yield of
NP-21 by as much as 100 gal/min.

In NP-87, packers were used to isolate and
test the water-yielding properties of different
depth intervals. The 13 zones tested had specific
capacities ranging from 0.04 to 3.1 (gal/min)/ft of
drawdown (fig. 11B). The uppermost zone tested
was the break in the casing at 82 ft below land sur-
face. The principal water-yielding zones deter-
mined from the testing of isolated intervals were
the break in casing at 82 ft and the interval from
412 ft to the bottom of the well at 476 ft, which are
shown with shaded patterns in figure 11B. The
interval from 300 to 350 ft below land surface that
was identified as a major water-yielding zone in
the drilling report of NP-21 was not shown to
yield much water to well NP-87 based on its spe-
cific capacity of 0.09 (gal/min)/ft of drawdown.
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Taken together, the driller’s reported yield
data from NP-21 and results from testing of iso-
lated intervals in NP-87 indicate most water prob-
ably enters both wells from a shallow interval
about 50 to 140 ft below land surface and from a
deep interval below 400 ft below land surface.
When one well is pumped, the wells act together
as if each were being pumped because of the good
hydraulic connection between the wells within the
deep interval below 400 ft below land surface.

Observation Wells

Water levels were monitored at 45 observa-
tion wells during the June 2000 aquifer test of
NP-21 and in 34 observation wells during the May
2002 test of NP-87. Most of the wells were drilled
specifically to monitor water levels and chemical
quality of the shallow ground-water flow system.
The Rl-series wells were drilled by USEPA con-
tractors for the current RI/FS; the A-series,
MW-series, RW-series, and W-series wells were
drilled by private industry for ground-water moni-
toring or recovery. Wells RW-1, RW-2, and RW-3
were drilled as possible recovery wells but were
not used for that purpose. Other observation wells
(NP, NWWA, and R&B notation) are inactive pub-
lic- or industrial-supply wells. An active recovery
well (A-10) and industrial-supply well (BAE Sys-
tems supply well) also were monitored during the
May 2002 test of NP-87. Not all the same wells
were available for monitoring during each aquifer
test. Wells MW-1, MW-2, MW-3, and MW-5 (all
of which are in the immediate vicinity of well
NP-21); RI-27S; RI-27D; and well clusters RW—4,
RW-5, and RW-6 (shallow, intermediate, and deep
wells at each cluster) were installed after the June
2000 aquifer test. Thus, these newer wells were
monitored only during the May 2002 test of NP-87.

Water levels were monitored using pressure
transducers and electric water-level tapes. Water
levels in most wells were monitored for at least
5 days prior to the start of the aquifer test.

Atmospheric pressure was monitored prior
to and during the aquifer test to determine if mea-
sured drawdown should be adjusted for changes
in atmospheric pressure. In confined aquifers, an
increase in atmospheric pressure can cause water
levels in wells to decline; a decrease in atmospheric
pressure can cause water levels to rise. The water-
level response is typically 20 to 70 percent of the
change in atmospheric pressure (Todd, 1980,

p- 236). For some observation wells, sufficient pre-
test water-level measurements were available to
establish a barometric efficiency. The barometric

efficiency was multiplied by the change in atmos-
pheric pressure during the aquifer test (expressed
as feet of water) to arrive at the water-level change
caused by the change in pressure. Pressure was
measured in inches of mercury and multiplied by
1.13 to convert units to feet of water. When baro-
metric efficiency was not determined, an efficiency
of 50 percent was assumed for purposes of com-
puting drawdown unless those adjustments pro-
duced drawdown values that seemed anomalous
when plotted, which was the case for wells RW-6S
and W-8. For wells where a large drawdown was
observed, the maximum potential effect of the
barometric-pressure adjustment was small, so the
barometric efficiency of the well was not deter-
mined.

NP-21 Test of June 20-27, 2000

The aquifer test was conducted by pumping
well NP-21 and measuring drawdown in the
pumped well and 45 observations wells. Supply
well NP-21 was pumped at an average rate of
257 gal/min. The rate determined from periodic
readings of a totalizing flowmeter ranged from 281
to 256 gal/min. During the aquifer test, ground
water pumped from NP-21 was discharged direct-
ly into the sewer system to avoid recharging the
aquifer. Pumping began at 9 a.m. on June 20, 2000,
and ended 7 days and 6 hours later at 3 p.m. on
June 27. Wells that were monitored and drawdown
values measured at the end of the 7 days of pump-
ing are shown in table 2 and figure 12. Hydro-
graphs of water levels monitored before, during,
and after the aquifer test are shown in figures 13
and 14.

Climatic Conditions and Resultant
Water-Level Trends

Prior to the aquifer test, water levels in
pumped well NP-21 and observation wells were
monitored to determine climatic effects on water
levels, prepumping trends, and effects of any
nearby pumping wells. Probably the greatest factor
affecting the measured water levels (other than the
pumping from well NP-21) was ground-water
recharge from precipitation that began about
9:45 p.m. the night of June 21, 2000. Because of the
storm, atmospheric-pressure changes were large
enough to cause water-level fluctuations of several
tenths of a foot in observation wells during the
pumping period. Ground-water withdrawals from
well NWWA-22 and the BAE Systems supply well
also caused significant water-level fluctuations in
several observation wells during the aquifer test.
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Figure 13. Water levels in wells where drawdown was observed during the aquifer test at well
NP-21, Colmar study area, Bucks and Montgomery Counties, Pennsylvania.

21



WATER LEVEL, IN FEET ABOVE NGVD 29

295 . - 293 . ,
] : ; g ; ; RI-20S
294 _.-P*-S : RI-20D 292 N\_‘\ :
293: \ / A 291; \
292} f f 290 f f
291¢ —&— \\1 289 F ;
290t~ NP 288 L PSP S
296 ; ; 301¢ RW-2
L : : RwW-1 L
295 —f st f o 300 F
! : : N r
[ \ : h g L
294f — 299 |
; Y ) S 2 TV
[ Ll - DA
203f : 3 298 : :
i V 2 ' FLUCTUATIONS CAUSED BY'
[ ; < [ BAE SUPPLY. WELL PUMPING
202 —— £ 207 —— '
w
(¥
z
306 : FLUCTUATIONS GAUSED = 314 : w1
: BY PUMPING FROM RW-3 @ 312 :
[ BAE SUPPLY WELL 4 ;
305 - o] :
L - 310 ;
& | :
304 308 ;
: g 306 1 I E
b SPIKES PROBABL :
303 : 304 |CAUSEDBY X \h“\s...
3022 L 302 FLOWING INTOWELL |
2922 : : 2921 : :
: : w-6 - : : W-9
292.0 i : . ; ;
291.8 "A"\.ﬁt A : w'\\\
Y \ : 290 ; :
291.6 — : i \‘N‘\ :
291.4 \\f\\v\. / 289 | *x ‘v\/w
2012l N S N
6/14 6/21 6/28 7/5 6/14 6/21 6/28 7/5

Notes: A indicates beginning of precipitation on June 21, 2000; dashed lines indicate start and end of pumping of
well NP-21. Small spikes probably caused by movement of transducer during manual measurement.

Figure 13. Water levels in wells where drawdown was observed during the aquifer test at well
NP-21, Colmar study area, Bucks and Montgomery Counties, Pennsylvania—Continued.
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Figure 14. Water levels in wells where drawdown was not observed during the aquifer test at well
NP-21, Colmar study area, Bucks and Montgomery Counties, Pennsylvania.
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Figure 14. Water levels in wells where drawdown was not observed during the aquifer test at well NP-21,
Colmar study area, Bucks and Montgomery Counties, Pennsylvania—Continued.
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Precipitation during test

Water levels in many of the observation
wells were affected quickly by ground-water
recharge from precipitation. Rainfall of 0.98 in. was
measured in the Colmar area from 9:45 p.m. on
June 21, 2000, through 2:45 a.m. on June 22, 2000
(Kevin McLaughlin, North Wales Water Authority,
written commun., 2001). The rain began about
1.5 days (2,205 minutes) into the aquifer test. Water
levels in some wells rose, and in others, the rate of
decline caused by the pumping of well NP-21 was
reduced. Measured water-level rises ranged from 0
to about 9.5 ft. The recharge caused water levels in
both shallow and deep monitor wells to rise. How-
ever, by the end of the test, the effect of the precipi-
tation was fairly negligible on the total drawdown
computed after 7 days of pumping.

Changes in atmospheric pressure

During the aquifer test, the atmospheric
pressure changed a maximum of about 0.5 ft of
water (fig. 15). From June 20-22, 2000, the atmo-
spheric pressure decreased as a result of the storm
that came through the night of June 21, then
increased until June 24. Atmospheric pressure
slowly fell from that time until the end of the test at
3 p.m. on June 27. Thus, in wells where only a few
tenths of a foot of drawdown were measured
during the aquifer test, changes in atmospheric
pressure could significantly affect the interpreta-
tion of drawdown, depending on the barometric
efficiency of the well.

The effect of atmospheric-pressure changes
on water levels was evaluated, and drawdown
values were corrected for some wells as noted in
table 2. Barometric efficiency of wells ranged from
50 to 75 percent for most wells. Water levels in both
shallow and deep monitor wells showed the effects
of changes in atmospheric pressure, indicating that
shallow parts of the “water-table” aquifer are con-
fined to some extent by the overlying clayey
regolith and soil.

Pre-test trends

Pre-test water-level measurements indicated
that trends could be defined in 15 wells (table 2).
The upward trend in wells RI-5S, RI-5D, RI-4S,
and RI-4D was caused by cessation of pumping
from supply well NWWA-22. The downward pre-
test trend in water levels measured in wells A-3,
A-18, R&B-1, R&B-2, RI-13D, RI-19S, RI-19D,
RI-23, W—4, W-5, and W-9 is probably the natural
ground-water recession subsequent to a 0.2-in.
rainfall on June 18. Drawdown at the end of the
7-day test was adjusted for the natural pre-test
water-level trend only at well W-9, because water
levels at this well appeared to be affected by both
pumping and the natural recession. The difficulty
in making this correction for a 7-day aquifer test is
that the trend is assumed to continue at a constant
rate for the entire 7-day period.
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Figure 15. Atmospheric pressure during the aquifer test of supply well NP-21, Colmar study
area, Bucks and Montgomery Counties, Pennsylvania.
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Withdrawals from other wells

Ground-water withdrawals from wells other
than NP-21 caused water-level fluctuations during
the aquifer test. The most significant effect was
from pumping of well NWWA-22 and the indus-
trial-supply well at the BAE Systems facility. Water
levels in monitor wells RI4S, RI4D, RI-5S, and
RI-5D (figs. 13 and 14) were affected by pumping
from NWWA-22 at a rate of about 230 gal/min.
NWWA-22 was pumped twice—about 8 hours on
the evening of June 25 and 4 hours on the morning
of June 26 (table 3). At the start of the aquifer test
on June 20, water levels in the deep and shallow
RI-4 and RI-5 well clusters were recovering from
the pumping of NWWA-22 on June 19.

Table 3. Pumping of NWWA-22 from June 17-30,
2000, Colmar study area, Bucks and Montgomery
Counties, Pennsylvania

[Data from Kevin McLaughlin, North Wales Water
Authority, oral commun., 2001]

Time pumping began Time pumping ended
6/17/00 at 12:45 p.m. 6/17/00 at 10 p.m.
6/19/00 at 8:30 a.m. 6/19/00 at 1:30 p.m.
6/25/00 at 6:45 p.m. 6/26/00 at 2:15 a.m.
6/26/00 at 8:15 p.m. 6/27/00 at 12:45 a.m.
6/30/00 at 8:15 p.m. 6/30/00 at 9:45 p.m.

Water levels in monitor wells W-16, RW-1,
RW-2, and RW-3 were affected by pumping from
the BAE Systems supply well during the aquifer
test (fig. 16). The cyclic pumping of the supply well
is evident on hydrographs of RW-2 and RW-3,
indicating a good hydraulic connection between
these monitor wells and the supply well. The
hydrographs indicate that the supply well was in
operation for the first 100 minutes of the aquifer
test beginning at 9 a.m. on June 20, 2000. Monitor
wells RW-1 and W-16 are not as well connected
hydraulically to the supply well, so water levels in
these wells do not fluctuate with the cyclic pump-
ing but they are affected gradually by changes in
the supply-well pumping. When the BAE Systems
supply well was shut off, water levels in all four
monitor wells recovered from 0.2 to about 2 ft for
the next 100 to 300 minutes. Thus, water levels
during the aquifer test were affected by pumping
from the BAE Systems supply well for about the
first 200 to 400 minutes of the test.
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Figure 16.

JUNE 20, 2000

Effect of pumping from BAE Systems

supply well on water levels in monitor wells W16,
RW-1, RW-2, and RW-3 during the aquifer test of
supply well NP-21, Colmar study area, Bucks and
Montgomery Counties, Pennsylvania.
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Changes in atmospheric pressure

During the 3-day period when NP-87 was
pumping, the atmospheric pressure changed a
maximum of about 0.25 ft of water (fig. 22). Thus,
as in the NP-21 test, only in wells where draw-
down was small (generally less than 1 ft) did
adjustments for atmospheric pressure make much
difference. Some of the water-level rise measured
in wells following the precipitation on May 9 could
have been attributed to the 0.2-ft decline in atmo-
spheric pressure associated with the storm. The
major effect of atmospheric pressure was after the

pumping stopped on May 10. The rise in pressure
from about 33.8 to 34.2 ft after the pump was shut
off at 11 a.m on May 10 may have caused water
levels to continue to decline instead of begin to
recover. A hydrograph of RI-27S shows both the
measured drawdown and drawdown that was
adjusted assuming a 70-percent barometric effi-
ciency (fig. 23). The adjustment makes it more
apparent that the water level began to recover
shortly after the pumping of NP-87 ceased. The
adjusted water-level data show partial recovery of
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Figure 22. Atmospheric pressure during the May 2002 aquifer test of well NP-87,
Colmar study area, Bucks and Montgomery Counties, Pennsylvania.
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Figure 23. Drawdown in observation well RI-27S showing adjustments for changes in
atmospheric pressure during and after the May 2002 aquifer test at NP-87, Colmar study
area, Bucks and Montgomery Counties, Pennsylvania.




about 0.2 ft from the time that pumping stopped
(4,320 minutes) to about 7,000 minutes (fig. 23).
Water levels did not return to pre-test levels until
after the area received precipitation on May 13
(about 9,000 minutes after the pumping began).

Pre-test trends

Pre-test water-level measurements indicated
that 9 of the 35 observation wells showed a clearly
defined trend (table 4). The slight upward trend in
wells RW-1 and W~16 was caused by cessation of
pumping from the nearby BAE Systems remedia-
tion and supply wells about 24 hours prior to the
start of the aquifer test on May 7, 2002. The slight
downward pre-test trend in water levels measured
in A-3, A-13, MW-1, RW4S, W-4, W-6, and W-8
is probably the natural ground-water recession. An
adjustment of drawdown for a pre-test water-level
trend was not made for any of the wells because
the trends were so slight.

Withdrawals from other wells

Significant drawdown caused by withdraw-
als from wells other than NP-87 was not observed
during the May 2002 aquifer test. A slight effect
was the upward pre-test water-level trend at wells
RW-1 and W-16 attributed to cessation of pump-
ing from the BAE Systems supply and remediation
wells (fig. 21). The BAE Systems supply well was
off from May 6 at 9 a.m. to May 14 at 9:05 a.m.
except for about twice a day when it pumped for
less than 5 minutes to refill a pressure tank. Those
small pumping episodes show up on the hydro-
graph of RW-3 (fig. 21) but are not a significant
influence compared to the drawdown caused by
the pumping of NP-87. The BAE Systems recovery
well (A-10) was off from May 6 at 10:40 a.m. to
May 13 at 4:05 p.m., and NWWA-22 was not in
operation from May 3 to 13, 2002.

Drawdown from Pumping NP-87

Pumping of well NP-87 at 402 gal/min for
3 days caused measurable drawdown in all 34 of
the observation wells monitored during the aquifer
test except A-3 and A-13. Drawdown at the end of
3 days of pumping from well NP-87 was 343 ft in
the pumped well and 225 ft in NP-21. Drawdown
in the other observation wells ranged from about
0.5 to 12.0 ft. Drawdown is shown for shallow
wells (less than 100 ft) and deep wells (at least
200 ft) in figures 18 and 19. At the same location,
drawdown is greater in deep wells than shallow

wells because the major water-yielding zone was
encountered at 400 ft below land surface in NP-21
and NP-87.

The test of NP-87 confirmed the general pat-
tern of drawdown observed during the test of well
NP-21; however, water-level declines were
observed further to the northeast near the former
Stabilus facility because of the greater pumping
rate and availability of additional observation
wells (clusters at RW—-4, RW-5, RW-6, and nested
wells at RI-27). Outside of the immediate area of
the NP-87 well field, the greatest drawdowns
(7-12 ft) were observed near the BAE Systems facil-
ity in wells A-10, RW-3, and the BAE Systems sup-
ply well. The drawdown confirms the existence of
a good hydraulic connection between NP-87 and
wells completed within the deepest part of the geo-
logic units penetrated by the pumped well. These
units correspond to water-yielding zones encoun-
tered below 400 ft in NP-21 and NP-87 (fig. 20).

Near the former Stabilus facility, drawdown
was indicated most clearly in deep wells RI-27D,
RW—H4D, RW-5D, and RW-6D. The greatest draw-
down in that area (3.7 ft) was measured in the
deepest well in the RW-6 cluster, which is the well
farthest updip and completed most closely to the
deep water-producing zone penetrated by well
NP-87 as shown in figure 20. The shallow wells
less than 50 ft deep in the area of the former Stabi-
lus facility probably showed some drawdown
from the pumping of NP-87, but the response was
indicated less clearly than for the deep wells. After
pumping ceased from NP-87, the water-level
recovery in shallow wells RI-27S, RW-4S, RW-5S,
RW-65, W-3, W—4, W-5, W-6, W-8, and W-9 was
slow. The small apparent drawdown and poor
recovery indicate that the pumping has less effect
on water levels and direction of ground-water flow
in the shallow part of the aquifer than the deep
part, at least for the duration of the pumping test.

Streamflow in the tributary of the West
Branch Neshaminy Creek near NP-87 appeared to
be affected by pumping from NP-87 during the
aquifer test. Measurements of stream stage show a
downward deflection of the hydrograph recession
slope corresponding to the start of pumping from
NP-87 at 11 a.m. on May 7, 2002 (fig. 24). The
change in recession slope could be interpreted as a
capture of ground-water discharge to the stream or
induced infiltration of stream water caused by the
pumping. Although streamflow measurements
were not sufficient to construct a relation between
stage and streamflow, miscellaneous measure-
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ments showed that streamflow decreased during ing station Little Neshaminy Creek at Valley Road

the aquifer test from 380 to 170 gal /min between (station 01464907), located about 5 mi southeast of
May 7 at 1 p.m. to May 8 at 7 p.m. However, it is the Colmar area, shows a similar recession prior to
not clear how much of the decrease was caused by ~  the start of pumping (fig. 24) but does not show a
the pumping and how much was part of the natu- downward deflection of the recession slope on

ral streamflow recession because precipitation dur-  May 7 at 11 a.m., which provides evidence that
ing the morning of May 9 caused the stream to rise, streamflow in the tributary near NP-87 may have
masking any increase in streamflow that might been affected by pumping.

have been noted when the pumping ceased on
May 10. The hydrograph from nearby USGS gag-
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Figure 24. Stream stage in a tributary to the West Branch Neshaminy Creek near well NP-87 and in
the Little Neshaminy Creek at Valley Road, monitored during the May 2002 aquifer test at well NP-87,
Colmar study area, Bucks and Montgomery Counties, Pennsylvania.
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SIMULATION OF GROUND-WATER FLOW

A numerical model was developed to simu-
late ground-water flow in the Colmar area. The
model was constructed with dipping layers to
characterize the dipping geologic units in the
vicinity of wells NP-21 and NP-87. Specifically, the
model was used to evaluate (1) ground-water-flow
paths under current (2000) conditions and (2) flow
paths and areas contributing recharge to wells for
hypothetical pumping scenarios that include with-
drawals from well NP-21 or NP-87.

Model simulations were conducted under
steady-state and transient conditions. Simulations
to estimate ground-water-flow paths and contrib-
uting areas were conducted under steady-state
conditions. Steady-state simulations give results
that represent the average position of flow paths
and contributing areas on the basis of the values of
average annual ground-water recharge and pump-
ing assigned to the model. Changes caused by sea-
sonal variations in recharge or operational varia-
bility in pumping were not simulated. Transient
model runs simulated the drawdown caused by
pumping during the aquifer test of NP-87, which
helped guide adjustments of hydraulic properties
used in the model, but transient simulations of
flow paths and contributing areas were not made.

Description of the Model

A 3-dimensional, finite-difference model
was used to simulate steady-state and transient
ground-water flow for a region of about 12 mi?,
which is much larger than the area of interest in the
Colmar area (fig. 25). This large area was simulated
to assure that significant effects from pumping in
the Colmar area would not reach model bound-
aries that define the limits of the model domain.
The numerical model constructed for the Colmar
area was based partially on the MODFLOW model
developed by Senior and Goode (1999), which sim-
ulated regional ground-water flow in the Lansdale
area. The Lansdale regional model included the
headwaters of the West Branch Neshaminy Creek
and extended into the Colmar area (fig. 25). With-
drawals from NP-21 were included in that model
on its northeastern boundary. For this study of the
Colmar area, the regional mode] of Senior and
Goode (1999) was extended to the northeast to
include the area of interest in this study; the area
outside of the Neshaminy Creek watershed was
excluded. The regional model was further modi-

fied by adding dipping layers to incorporate more
detail about the local-scale geologic structure in the
vicinity of wells NP-21 and NP-87.

The 3-dimensional, finite-difference com-
puter code MODFLOW-2000 (Harbaugh and oth-
ers, 2000) was used with the particle-tracking
program MODPATH (Pollock, 1994) to compute
ground-water-flow paths and contributing areas.
A graphical user interface linked to Argus Numer-
ical Environments was used for pre- and post-pro-
cessing of data (Winston, 2000).

Finite-Difference Grid and Model Structure

The modeled area was divided into a finite-
difference grid with 80 rows and 123 columns
(fig. 25). The horizontal dimensions of the cells
were varied so that small cells were in the Colmar
area, which is the focus of the study. The smallest
cells, 66 ft by 66 ft, surround wells NP-21 and
NP-87 where the largest effects of pumping were
expected; maximum cell size was 328 ft by 328 ft in
horizontal dimension. The model grid was orien-
ted N. 62° E. to align with the strike of beds in the
Colmar area as determined by orientation of bed-
ding-plane partings interpreted from acoustic-tele-
viewer surveys (Bird and Conger, 2002, p. 24). The
orientation of the grid along bedding strike is
important because the assumed principle direction
of horizontal hydraulic conductivity is along the
strike of beds, which was simulated as 11 times
greater than across strike in the Lansdale-area
model of Senior and Goode (1999).

The bottom of the model is set at 736 ft
below land surface everywhere, which is assumed
to be the depth below which very little ground-
water movement occurs. The depth at which flow
becomes negligible is not well known, but Senior
and Goode (1999) used 696 ft for the base of their
model. In this study, the base of the model was ini-
tially set at 696 ft below land surface, but 40 ft was
added to the thickness of the uppermost model
layer during the process of model adjustment,
which lowered the bottom of the model to 736 ft
everywhere.

The vertical structure of the model consists
of eight layers as shown in figure 26. Layers 1, 2,
and 8 are horizontal layers and layers 3, 4, 5, 6, and
7 are dipping layers. Layer 1 represents the weath-
ered part of the aquifer that drapes over the area
and layers 2 and 8 represent the regional extent of
the aquifer. Layers 3 through 7 represent dipping
geologic units in the vicinity of wells NP-21 and
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Figure 32. Hydrographs comparing observed drawdown (solid line) in selected observation wells to
drawdown simulated (points) by the ground-water-flow model.
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All Remediation Wells and NP-87

Ground-water flow in the Colmar area was
simulated to evaluate the combined effect of all the
previously described current and hypothetical
pumping. The simulation used withdrawals from
all nine wells pumping at the rates listed in
table 10. The wells in the Colmar area included the
hypothetical addition of two new recovery wells in
the northern area of contamination, one new recov-
ery well in the southern area, and pumping from
NP-87 at 400 gal/min. The areas contributing
recharge to the wells are shown in figure 40. The
simulation indicates that this hypothetical pump-
ing scenario would capture recharge from both the
northern and southern areas of contamination,
with the exception of contamination at RI-17.

SUMMARY AND CONCLUSIONS

The U.S. Environmental Protection Agency
(USEPA) is in the process of characterizing ground-
water contamination and evaluating remediation
alternatives for the North Penn Area 5 Superfund
Site near Colmar, Pa. This report presents the
results of a study by the U.S. Geological Survey in
cooperation with USEPA to determine the
(1) drawdown caused by separately pumping
North Penn Water Authority wells NP-21 and
NP-87, (2) probable paths of ground-water flow
under present-day (2000) conditions (with NP-21
pumping discontinued), and (3) areas contributing
recharge to wells if pumping from NP-21 or NP-87
were restarted and new recovery wells were
installed. Drawdown was estimated from water
levels measured in observation wells during aqui-
fer tests at supply well NP-21 and NP-87. Ground-
water-flow paths and areas contributing recharge
were estimated by use of a ground-water-flow
model.

Aquifer tests were conducted at wells NP-21
and NP-87 to identify hydraulic connections and
to quantify the drawdown caused by pumping
these wells. Wells NP-21 and NP-87 are only 40 ft
apart and are similar in depth and construction.
Aquifer-isolation tests indicated that the wells are
connected hydraulically through fractures below
400 ft below land surface. Thus, when one well is
pumped, the wells act together as if each were
being pumped, so the effect on the aquifer is simi-
lar regardless of which well is pumped. Well
NP-21 was pumped at the maximum rate possible
(average of 257 gal/min) for about 7 days in June
2000. Well NP-87 was pumped at an average rate
of 402 gal /min for 3 days in May 2002.

Water-level measurements made during the
aquifer test at NP-21 showed that, except at RI-7,
ground-water levels declined almost exclusively in
observation wells completed within or updip of
the geologic units penetrated by the pumped well.
Because the geologic units become deeper to the
northwest, shallow wells updip to the southeast of
the pumped well showed more drawdown than
observation wells an equal distance but downdip
from the pumping well. A good hydraulic connec-
tion (2.4 to 4.0 ft of drawdown) was shown for
observation wells updip in the southern area of
ground-water contamination near the BAE Sys-
tems facility. Shallow wells in the northern area of
ground-water contamination (RI-23, RI-25, and
RI-17S) near the former Stabilus facility did not
appear to be within the influence of well NP-21
after 7 days of pumping at 257 gal/min.

Pumping of supply well NP-87 at
402 gal/min for 3 days confirmed the general pat-
tern of drawdown observed during the test of well
NP-21. However, during the pumping of supply
well NP-87, water-level declines were observed
further to the northeast near the northern area of
ground-water contamination because of the
greater pumping rate and availability of additional
observation wells. Outside of the immediate area
of well NP-87, the greatest drawdowns (7-12 ft)
were observed near the BAE Systems facility in
wells A-10, BAE Systems supply well, and RW-3.
The drawdown confirms the existence of a good
hydraulic connection between NP-87 and wells
completed within the deepest part of the geologic
units penetrated by the pumped well. Near the
former Stabilus facility, the greatest drawdown
(3.7 ft) was measured in RW-6D, which is the well
farthest updip and completed most closely in the
deep water-producing zone penetrated by well
NP-87. After pumping from NP-87 stopped, the
water-level recovery in shallow wells RI-275,
RW—4S, RW-55, RW-6S, W-3, W—4, W-5, W-6,
W-8, and W-9 was slow. The small drawdown and
poor recovery indicates that the pumping has less
effect on water levels and direction of ground-
water flow in the shallow part of the aquifer than
in the deep part. Streamflow in the tributary of the
West Branch Neshaminy Creek near NP-87
appeared to be affected by pumping from NP-87.
Miscellaneous measurements showed that stream-
flow decreased during the aquifer test from 380 to
170 gal/min; however, it is not clear how much of
the decrease was caused by the pumping and how
much was part of natural streamflow recession.
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A 3-dimensional, finite-difference, ground-
water-flow model was used to simulate flow paths
and contributing areas to wells for current (2000)
conditions of pumping in the Colmar area and for
hypothetical situations of pumping suggested by
USEPA that might be used for remediation. The
focus was on principal areas of contamination near
the former Stabilus facility (northern area of con-
tamination) and BAE Systems facility (southern
area of contamination) where TCE has been
detected at concentrations greater than 300 pug/L.
The numerical model constructed for the Colmar
area was based partially on the MODFLOW model
developed to analyze regional ground-water flow
in the Lansdale area by Senior and Goode (1999)
but was modified by adding dipping layers to
incorporate more detail about the local-scale geo-
logic structure in the vicinity of wells NP-21 and
NP-87.

Current ground-water-flow conditions simu-
lated by the model in the Colmar area indicate that
ground water in the southern area of contamina-
tion moves west and discharges to a tributary of
West Branch Neshaminy Creek near well NP-21,
and ground water in the northern area of contami-
nation moves northwest to discharge to West
Branch Neshaminy Creek and tributaries. Model
simulations indicate that if NP-21 or NP-87 are
pumped at 400 gal /min, ground-water recharge is
likely to be captured from the southern area of con-
tamination, but ground-water recharge from the
northern area of contamination is less likely to be
captured by the pumping. Simulations also indi-
cate that a new recovery well pumping about
8 gal/min near RI-20 and two new recovery wells
pumping a total of 30 gal/min near the former
Stabilus facility probably would capture ground-
water recharge in most of the area where contami-
nation exceeds 300 pg /L.
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